A Gram-stain-negative, aerobic and slightly halophilic bacterium was isolated from the South China Sea, and was subjected to characterization using a polyphasic taxonomic approach. Cells of the isolate, designated NH83
gene sequence analysis, strain NH83 T was closely related to members of the genera Aureisphaera (with sequence similarity of 92.9 %), Jejudonia (92.8 %), Marixanthomonas (92.6 %), Altuibacter (92.6 %), Ulvibacter (91.5-91.9 %), Gilvibacter (91.8 %) and Aequorivita (89.6-91.2 %), all of which belong to the family Flavobacteriaceae. Phylogenetic analysis indicated that it represented an independent lineage and its closest relatives belonged to the genus Marixanthomonas. The sole respiratory quinone was MK-6. The major polar lipids were phosphatidylethanolamine, two aminolipids, one aminophospholipid and one unidentified lipid. The principal fatty acids were branched fatty acids, including iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 16 : 0 , iso-C 15 : 1 G and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c). The genomic DNA G+C content was 41.0 mol%. Strain NH83
T was positive for hydrolysis of aesculin, gelatin and Tween 60. Phylogenetic distinctiveness and chemotaxonomic differences, together with differential phenotypic properties, revealed that strain NH83 T could be differentiated from closely related genera. Therefore, it is proposed that strain NH83 T represents a novel species in a new genus, for which the name Marinirhabdus gelatinilytica gen. nov., sp. nov. (type strain NH83 T =CGMCC 1.15462
The family Flavobacteriaceae, belonging to the phylum Bacteroidetes, was first proposed by Jooste (1985) and the name validly published by Reichenbach (1992) . Subsequently, it was emended by Bernardet et al. (1996) based on the phylogenetic analysis of 16S rRNA gene sequences. Members of the family Flavobacteriaceae have been found in a variety of marine, freshwater and soil habitats, and some are associated with animals or plants (McBride et al., 2014) . They show diverse physiological and morphological features and grow chemo-organotrophically, and some marine members use proteorhodopsin to harvest light energy and supplement their energy needs (Gonzalez et al., 2008; Lami et al., 2009; Yoshizawa et al., 2012) . Most species of the family Flavobacteriaceae are aerobic, have rod-shaped cells or sometimes long filamentous cells, and possess menaquinone 6 (MK-6) as the major or sole respiratory quinone (McBride et al., 2014) . In this paper, we present a polyphasic study describing a novel bacterial strain, NH83 T , isolated from the South China Sea.
Surface seawater samples were collected from the South China Sea (120 E 14 N) by a rosette sampler connected with a CTD system (SBE911 plus; Sea-Bird Electronics) in 2014. Aboard the ship, all samples were subsampled aseptically and subjected to the cultural process immediately. Approximately 100 µl seawater was spread on natural seawater agar supplemented with 0.05 % peptone (w/v; BD Difco), 0.01 % yeast extract (w/v; BD Difco) and 1 % ornithine (w/v). After 10 days of aerobic incubation at 30 C, one yellow colony, designated NH83
T , was picked. The
Abbreviations: MK-6, menaquinone 6; PE, phosphatidylethanolamine.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain NH83T is KT384169.
Two supplementary tables and one supplementary figure are available with the online Supplementary Material.
isolate was purified by repeated restreaking, and the purity was confirmed by the uniformity of cell morphology. Unless otherwise stated, strain NH83 T was routinely cultured in marine broth 2216 (MB; BD Difco) or on marine agar 2216 (MA; BD Difco) at 30 C and maintained at À80 C with 30 % (v/v) glycerol.
Cell morphology and motility were examined using optical microscopy (BX40; Olympus), confocal laser scanning microscopy (TCS SP5; Leica) and transmission electron microscopy (JEM-1230; JEOL). The temperature range for growth was determined by incubating at 4, 15, 20, 25, 28, 30, 37, 40, 42 and 45 C. The pH range for growth was determined in MB that was adjusted to pH 5.0-10.5 (in 0.5 pH unit intervals) using appropriate biological buffers (MES for pH 5.0-6.0, PIPES for pH 6.5-7.0, Tricine for pH 7.5-8.5 and CAPSO for pH 9.0-10.5) at a concentration of 50 mm. Evaluation of the pH after autoclaving revealed only minor changes. The optimal concentration of NaCl for growth was investigated by using NaCl-free MB (prepared according to the BD Difco MB formula, but without NaCl) with different NaCl concentrations (0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 7.5, 10.0 and 15.0 % as final concentration, w/v). Growth was monitored by measuring OD 590 in a UV/Visible Spectrophotometer (Ultrospec 6300 pro; Amersham Biosciences). Upper and lower limits for growth were confirmed when no growth was observed after incubation for 30 days. Anaerobic growth was carried out with AnaeroPack (Mitsubishi) using sodium nitrate (20 mm) and sodium nitrite (10 mm) as a potential electron acceptor.
Gram reaction, oxidase and catalase activities, and hydrolysis of gelatin, starch and Tween 60 were tested according to the methods of Dong & Cai (2001) . Pigment absorption spectrum analysis was performed by the method described by Hildebrand et al. (1994) , using a Beckman DU 800 Spectrophotometer (absorption spectrum from 300 to 1000 nm). The utilization of carbohydrates as sole carbon and energy sources was determined in BM medium (Farmer et al., 2005) and basic MB medium (formula of MB without yeast extract and peptone). Acid production was tested using marine oxidation-fermentation (MOF) medium supplemented with 0.5 % sugars (Leifson, 1963) . Basic biochemical tests and carbon-source-oxidation tests were also performed using GN2 MicroPlates (Biolog) according to the manufacturer's instructions. API ZYM, API 20NE and API 20E tests (bioM erieux) were used to determine additional physiological and biochemical characteristics according to the manufacturer's instructions. Strips were inoculated with a heavy bacterial suspension (MacFarland 5 standard) in AUX medium supplemented with 2 % (w/v) sea salts (Sigma) according to the method of Park et al. (2005) . API ZYM strips were read after 24 h, and API 20 NE and API 20 E strips after 48 h. Sensitivity to antimicrobial agents was determined with a two-layer plate method according to the protocol of Wu et al. (2015) . Two reference strains, Jejudonia soesokkakensis KCTC 32325 T and Marixanthomonas ophiurae JCM 14121 T , were used as controls in the above tests.
High-quality genomic DNA was obtained by using a quick bacteria genomic DNA extraction kit (Qiagen), according to the manufacturer's protocol. The 16S rRNA gene was amplified and analysed as described previously (Xu et al., 2007) . The sequence was compared with closely related sequences of reference organisms from the EzTaxon-e service (Kim et al., 2012) . Phylogenetic analysis was performed in ARB release 6.0.2 (Ludwig et al., 2004) in the All-Species Living Tree Project database (LTP_s119, November 2014; Yarza et al., 2008) . The 16S rRNA gene sequences of NH83 T were aligned using SINA (version 1.2.11) according to the SILVA seed alignment (http://www.arb-silva.de; Pruesse, et al., 2007) and implemented into the LTPs database.
The DNA G+C content of the resulting deoxyribonucleosides was determined by reversed-phase HPLC and calculated from the deoxyguanosine/thymidine ratio (Mesbah & Whitman, 1989) . The cellular fatty acids of strain NH83 T , J. soesokkakensis KCTC 32325 T and M. ophiurae JCM 14121 T were determined under identical conditions. The quadrant streak method was used to dilute the inoculum so that quadrant 3 exhibited confluent growth (at the late exponential phase) along the streaking axis. Cellular fatty acid methyl esters were obtained from cells in quadrant 3 of MA plates incubated at 30 C and analysed according to the instructions of the Microbial Identification System (MIDI). Isoprenoid quinones were extracted from freeze-dried cells (200 mg) with chloroform/methanol (2 : 1) and analysed by LC-MS (Agilent) (Komagata & Suzuki, 1987) . Analysis of polar lipids was performed by DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen). Total lipid material was detected using molybdatophosphoric acid, and specific functional groups were detected using spray reagents specific for the defined functional groups (Tindall et al., 2007) .
Cells of strain NH83
T were Gram-stain-negative, aerobic and rod-shaped (0.5-0.8 µm in width and 2.5-4.5 µm in length) without flagella ( NaCl. Strain NH83 T did not grow in Luria-Bertani medium or TSB (BD Difco) medium. It was positive for hydrolysis of aesculin, gelatin and Tween 60, susceptible to (µg per disc unless otherwise stated) amoxicillin (20), chloramphenicol (30), erythromycin (15), nitrofurantoin (300), novobiocin (30) and rifampicin (5), and resistant to kanamycin (30), neomycin (30), polymyxin B (300 IU) and tobramycin (10). Strain NH83 T could use yeast extract, peptone and tryptone as sole carbon and energy sources in BM medium and basic MB medium. While Biolog GN2 tests showed that strain NH83 T was positive for 12 different substrates. Detailed phenotypic characteristics are given in the species description, Tables 1, S1 and S2 (available in the online Supplementary Material).
The 16S rRNA gene sequence (1446 nt) of strain NH83 T was obtained. The strain was closely related to members of the genera Aureisphaera (with 16S rRNA gene pairwise sequence similarity of the type strain, 92.9 %), Jejudonia (92.8 %), Marixanthomonas (92.6 %), Altuibacter (92.6 %), Ulvibacter (91.5-91.9 %), Gilvibacter (91.8 %) and Aequorivita (89.6-91.2 %) in the family Flavobacteriaceae. The AllSpecies Living Tree indicated that strain NH83
T clustered with the genus Marixanthomonas and formed an independent clade. Based on the phylogenetic resolution and EzTaxon-e results obtained, further trees were reconstructed to include 23 type strains of the most closely related species using the software tool MEGA 5 (Tamura et al., 2011) . Sequence data were aligned with CLUSTAL W (Thompson et al., 1994) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) and maximum-likelihood methods (Felsenstein, 1981) with the MEGA 5 program package (Tamura et al., 2011) . Evolutionary distances were calculated according to the algorithm of the Kimura twoparameter model (Kimura, 1980) for the neighbour-joining method. The neighbour-joining, maximum-likelihood and maximum-parsimony phylogenetic tree topologies reconstructed by MEGA 5 supported the result that strain NH83 T formed an independent lineage and its close relative was the genus Marixanthomonas (Fig. 2) .
The chemotaxonomic data supported the result of the phylogenetic analysis. The major respiratory quinone found in strain NH83
T was MK-6, in line with all members of the family Flavobacteriaceae (Bernardet, 2010) , including the closely related genus Marixanthomonas. Fatty acids analysis revealed that iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 16 : 0 , iso-C 15 : 1 G and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) were the principal fatty acids. Strain NH83 T contained a high proportion of branched fatty acids (79.0 %), which was similar to the two reference strains (71.2 and 81.2 %, respectively; Table 2 ), and all three strains possessed iso-C 15 : 0 as the most abundant fatty acid. The major polar lipids of strain NH83 T were phosphatidylethanolamine (PE), two aminolipids, one aminophospholipid and one unidentified lipid (Fig. S1 ). Strain NH83
T and the genera Marixanthomonas and Jejudonia possessed PE as one of the major polar lipids (Table S1 ; Romanenko et al., 2007; Park et al., 2013) .
The chemotaxonomic data also showed some clear differences in fatty acid compositions and polar lipid profiles between strain NH83
T and closely related genera. Four unsaturated fatty acids (including C 15 : 1 !6c, iso-C 16 : 1 H, iso-C 17 : 1 !9c, C 17 : 1 !8c) were present in strain M. ophiurae JCM 14121
T (with percentages of 1.5 %, 1.4 %, 4.6 % and 0.5 %, respectively), but were not detected in strain NH83
T .
In addition, sphingolipid, the major polar lipid of strain M. ophiurae JCM 14121 T , was not found in strain NH83 T (Table S1 ; Romanenko et al., 2007) . The percentages of anteiso-fatty acids (including anteiso-C 13 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 ) and C 17 : 0 2-OH of strain NH83 T (3.1 % and 0.5 %), were strikingly lower than those of J. soesokkakensis KCTC 32325 T (18.7 % and 5.0 % ); while the percentage of iso-C 15 : 1 G of strain NH83 T (6.4 %) was higher than that of J. soesokkakensis KCTC 32325 T (0.4 %). Strain NH83 T could also be distinguished from the type strains of its close relatives by differences in phenotypic characteristics, such as temperature range and optimum, NaCl range and optimum, enzyme activity, acid production and antibiotic susceptibility (Table 1) as well as GN2 microplate system results (Table S2) . It also could be differentiated phenotypically from other related genera on the basis of colony colour, optimum temperature, temperature range,
Aequorivita antarctica SW49 T (AY027802)
Aequorivita sublithincola DSM 14238 T (CP003280)
Aequorivita capsosiphonis DSM 23843 T (AUBG01000003)
Aequorivita viscosa 8-1b T (HM485318)
Vitellibacter aestuarii JC2436 T (EU642844)
Vitellibacter soesokkakensis RSSK-12 T (KF437680)
Vitellibacter vladivostokensis KMM 3516 T (AB071382)
Aureisphaera galaxeae 04OKA003-7 T (AB983370)
Marinirhabdus gelatinilytica NH83 T (KT384169)
Marixanthomonas ophiurae KMM 3046 T (AB261012)
Gilvibacter sediminis Mok-1-36 T (AB255368)
Aureitalea marina S1-66 T (AB602429)
Ulvibacter marinus IMCC12008 T (KF146346)

Ulvibacter antarcticus IMCC3101 T (EF554364)
Ulvibacter litoralis KMM 3912 T (AY243096)
Cellulophaga fucicola NN015860 T (AJ005973)
Cellulophaga baltica NN015840 T (AJ005972)
Cellulophaga algicola optimum NaCl, NaCl range, catalase, oxidase and other enzyme activities (Table S1 ).
On the basis of the phylogenetic analysis and chemotaxonomic data, as well as phenotypic characteristics, obtained in this study, following the guidelines given by Bernardet et al. (2002) for the description of new taxa of the family Flavobacteriaceae, strain NH83
T represents a novel species within the family Flavobacteriaceae, for which the name Marinirhabdus gelatinilytica gen. nov., sp. nov. is proposed.
Description of Marinirhabdus gen. nov.
Marinirhabdus (Ma.ri.ni.rhab¢dus. L. adj. marinus of the sea; Gr. fem. n. rhabdos rod; N.L. fem. n. Marinirhabdus a rod from the sea).
Gram-stain-negative, rod-shaped and non-spore-forming. Divide by binary division. Catalase-positive. Aerobic chemoheterotrophs. The predominant respiratory quinone is MK-6. The major polar lipids include phosphatidylethanolamine, aminolipid and aminophospholipid. The principal fatty acids (>10 %) are iso-C 15 : 0 and iso-C 17 : 0 3-OH. The type species is Marinirhabdus gelatinilytica.
Description of Marinirhabdus gelatinilytica sp. nov.
Marinirhabdus gelatinilytica (ge.la.ti.ni.ly¢ti.ca. N.L. n. gelatinum gelatin; Gr. fem. adj. lytikê able to dissolve; N.L. fem. adj. lytica dissolving; N.L. fem. adj. gelatinilytica gelatindissolving).
Cells are Gram-stain-negative, aerobic, non-motile and rod-shaped, 0.5-0.8 µm in width and 2.5-4.5 µm in length. Colonies are yellow, circular, convex, smooth and 1-2 mm in diameter after 5 days of incubation at 30 C on MA. Requires Na + ions for growth. Growth occurs on NaCl-free MB supplemented with 0.5-7.5 % (w/v) NaCl (optimum 2.0-5.0 %). The pH and temperature ranges for growth are pH 6.5-7.5 and 4-37 C (optimum at pH 7.0 and 30 C). Contains carotenoid-like pigments. Bacteriochlorophyll a is absent. No anaerobic growth occurs on MA supplemented with sodium nitrate or sodium nitrite. Positive for catalase, citrate utilization, fermentation of glucose and VogesProskauer reaction. Negative for oxidase, lysine and ornithine decarboxylases, tryptophan deaminase, nitrate reduction, indole formation, H 2 S production and urease. Aesculin, gelatin and Tween 60 are hydrolysed. Starch is not hydrolysed. Acid and alkaline phosphatases, cystine arylamidase, esterase (C4), esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase activities are present; N-acetyl-bglucosaminidase, a-chymotrypsin, b-fucosidase, a-and b-galactosidase, a-and b-glucosidase, b-glucuronidase, lipase (C14) and a-mannosidase activities are absent. Yeast extract, peptone and tryptone are utilized as sole carbon and energy sources. Acid is produced from D-fructose, glucose, mannitol and D-ribose. Acid is not produced from L-arabinose, cellobiose, ethanol, D-galactose, myo-inositol, a-lactose, maltose, D-mannose, melezitose, ribitol, L-rhamnose, raffinose, sorbitol, sorbose, sucrose, trehalose or D-xylose. The principal fatty acids (>5 %) are iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 16 : 0 , iso-C 15 : 1 G and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH). The sole respiratory quinone is MK-6. The major polar lipids are phosphatidylethanolamine, two aminolipids, one aminophospholipid and one unidentified lipid. In addition, moderate to minor amounts of three aminolipids are also present.
The type strain, NH83
T (=CGMCC 1.15462 T =DSM 101478 T ), was isolated from seawater of the South China Sea. The DNA G+C content is 41.0 mol% (by HPLC).
